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© Fermentation process and apparatus. 



® A fermentation process and a fermenter in which aeration is Improved by injecting substantially pure oxygen 
into a culture medium by means including a venturi (14) located outside the main body of the fermenter. 
Preferably the oxygen is injected at the throat of the venturi. The invention is particularly suitable for the 
fermentation of viscous cultures, e.g. cultures of filamentous fungi. 
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Fermentation process and apparatus 

This Invention relates to a fermentation process and apparatus suitable In particular tor fermenting 
viscous cultures. 

In aerobic fermentations it is very important to have efficient aeration of the culture being fermented. 
This is difficult to achieve when the culture is viscous, e.g., when it contains a filamentous fungus, since ft is 
difficult for the oxygen-containing gas supplied to the culture to break up into small bubbles which can 
efficiently enter the liquid phase. 

According to the present invention we provide a process for the sterile fermentation of a mono-culture 
with mechanical stirring in a fermenter from which waste gas is continuously emitted wherein a portion of 
the culture continuously passes into a compartment outside the fermenter and substantially pure oxygen is 
injected into the culture outside the fermenter at the throat of a venturi or before the cufture passes through 
a venturi, after injection the culture is continuously returned to the fermenter, the amount of culture outside 
the fermenter at any time being not greater man 5% of the total volume of the culture and wherein a volume 
of air and/or an inert greater than the volume of oxygen injected into the culture outside the fermenter. is 
injected into the culture in the fermenter. 

Also according to the present invention, we provide a fermenter having in its main body mechanical 
stirring means, means- for the addition of nutrients, means for the removal of product and means for the 
emission of waste gases wherein the fermenter comprises an external compartment provided with means 
for injecting substantially pure oxygen into culture contained therein at the throat of a venturi or before the 
culture passes through a venturi and connecting means are provided to enable a portion of a culture to pass 
from the main body of the fermenter Into the compartment and thereafter to return to the main body, the 
volume of the compartment being such that not more than 5% of the total volume of a culture in the 
fermenter can be in the compartment at any time, and wherein the fermenter is provided with gas supplying 
means for injecting air and/or an inert gas at one or more locations to a culture in the main body thereof in 
a greater volume that the oxygen supplied to culture in the compartment 

The process of the invention can be a batch or a continuous process. When it is a continuous process 
the apparatus has means for the continuous addtion of nutrients and for the continuous removal of product 
For a batch or a continuous process the apparatus has means for the continuous emission of waste gases, 
preferably at a velocity sufficient to maintain sterility by preventing the entrance of alien microorganisms to 
the apparatus. 

Suitably the compartment is a pipe loop and the connecting means comprises openings in the wall of 
the main body of the fermenter to which the ends of the pipe loop are connected. Preferably culture is 
withdrawn through a lower opening towards the bottom end of the fermenter by a pump situated in the pipe 
loop and is returned to the fermenter through an upper opening towards the upper end of the fermenter. 
Substantially pure oxygen is suitably injected into culture flowing upwardly through it Preferably oxygen is 
injected at the throat of the venturi device but it may also be injected Into culture before it passes through 
the venturi. The venturi is preferably located in the pipe loop as near to the pump discharge as practicable. 

When the oxygen is injected into the culture flowing through the compartment typically at the throat of a 
venturi. the resulting mixture of oxygen bubbles and liquid is subject to significant shear forces. This has 
the effect of reducing the size of the bubbles In the culture which is returned to me fermenter. Suitably the 
venturi system is similar to that described in European Patent Specifications 152201 and 152202. 

The Process of the invention may be applied to any fermentation but is most useful in cases where the 
microorganism concerned is a filamentous fungus such as Fusarium lateritlum or Aspergillus niger. It can 
however be applied to fermentations involving other microorganisms such as Methylophilus methylotrophus. 

The proportion of the total culture which is in the compartment at any time should not be greater than 
5% and is typically in the range 1% to 2%. 

Air and/or an inert gas is injected into culture In the main body of the fermenter in a volume greater 
than the volume of oxygen injected into culture in the compartment Typically it is injected at more than one 
location in the fermenter with most being injected near to the top. Suitably the total volume of air and/or 
inert gas is significantly greater than the volume of oxygen for instance sometimes up to 20 times the 
volume of oxygen depending upon the microorganism being cultured. The air and/or inert gas aids 
circulation of culture in the fermenter but its main purpose is to strip out from the culture the carbon dioxide 
which is produced during the fermentation. Unless it is removed the carbon dioxide can have a deleterious 
effect upon the fermentation. The air and/or inert gas carries the carbon dioxide upwardly through the 
culture to a space in the fermenter above the culture in which it disengages from the culture. The presence 
of inert gas reduces the presssure of carbon dioxide above the culture thereby reducing the amount of 
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carbon dioxide which remains dissolved. 

The gas disengaged from the culture Is suitably allowed to escape from the fermenter through a pipe 
which is sufficiently narrow or which has a section which Is sufficiently narrow to cause the gas to flow out 
with a velocity sufficient to prevent alien microorganisms from entering the fermenter against the flow of 
5 gas. This enables sterility to be maintained within the fermenter. 

The use of substantially pure oxygen to aerate the culture enables the proportion of the main body of 
the fermenter which is occupied by culture to be increased as compared with a conventional fermentation 
process using air to aerate the culture. This is because the volume of gas supplied to the culture for its 
aeration is reduced since no inert nitrogen is added with the oxygen. 
w Circulation of the culture in the fermenter is mainly achieved using a mechanical stirring device. 
Circulation can be Improved by providing the fermenter with internal partitions, in the case of a cylindrical 
fermenter with a cylindrical coaxial partition, to form an internal draught tube. This enables a regular How 
pattern to be created with culture flowing downwardly near the outer wall of the fermenter and upwardly 
through the draught tube. 

75 The invention leads to a number of advantages for fermentations (particularly those using viscous 
cultures) of which the Following are especially important - 

1. increased dry ceil weight and hence increased productivity resulting from the easing of mass 
transfer limitations; and 

2. An increased liquid inventory and hence higher production rates (eg 20% higher) resulting from 
to the reduction in the gas headspace required in the fermenter as a result of lower volumes of gas passing 

through the fermenter. 

The invention is illustrated by the accompanying drawings. In these: 
Figure 1 is a schematic diagram of a simple form of the fermenter of the invention; and 
25 Figure 2 is a schematic cfiagram of an alternative, more sophisticated, from the fermenter of the 

invention having an internal draught tube. 

Figure 1 shows a cylindrical fermenter having an outer wall 1. base 2 and top 3. It is equipped with a 
stirrer 4 having two paddles 5 and 6, forming an upward pumping agitator. Air and/or an inert gas can be 

30 admitted to the fermenter through pipe 7a and sparge ring 8 and/or pipe 7b whilst nutrients can be admitted 
through pipe 9 and culture removed through pipe 10. The compartment is a pipe-loop 11 having a pump 
12. oxygen supply pipe 13 and venturi 14. Pipe-loop 11 Is connected with the main body of the fermenter 
via openings 15 and 16. Oxygenated culture can be returned to the main body of the fermenter through 
nozzle system 17. Waste gases can escape from the fermenter through pipe 18 which has a narrow portion 

35 19. The fermenter also has cooling means not shown in the drawings. 

Figure 2 shows a fermenter similar to that of Figure 1 but containing a cylindrical internal partition 20 
which forms a draught tube. 

In operation the fermenters of Figures 1 and 2 are similar to one another. Air and/or an inert gas and 
nutrients are continuously supplied to the fermenter through pipes 7a, 7b and 9 respectively and culture is 

40 continuously removed from the fermenter through pipe 10. Culture is also continuously withdrawn from the 
fermenter through opening 15 into pipe loop 11 using pump 12. In pipe loop 11 pure oxygen is injected into 
the withdrawn culture through pipe 13, at the throat of the venturi device 14, where the oxygen In the 
culture is dispersed into fine bubbles. The oxygenated culture is returned to the culture in the main body of 
the fermenter through opening 16 and nozzle system 17. The air and/or inert gas which is admitted to the 

45 main body of the fermenter through pipe 7a and sparge ring 8 rises to the surface A-A of the culture 
carrying with it carbon dioxide produced during the fermentation. The air and/or Inert gas admitted to the 
main body of the fermenter through pipe 7b fills the space above the surface A-A and reduces the carbon 
dioxide partial pressure to a low revel. At the surface A-A gas disengages from the culture and escapes to 
the atmosphere through pipe 18. In pipe 18 escaping waste gas Is accelerated by passing through narrow 

so portion 19 to a speed which prevents alien microorganisms from entering the fermenter against the gas 
flow. When partition 20 is present a regular flow pattern Is created within the fermenter with culture rising in 
the central part within the internal draught tube created by 20 aided by the air flow from sparge ring 8. and 
falling near the side 1 of the fermenter outside the draught tube, aided by the downward flow of oxygenated 
culture from the nozzle system 17. 

55 The invention is further Illustrated by the following Examples:- 
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EXAMPLE t 

A culture of Fusarium laterftium was fermented by continuous culture in the fermenter illustrated In 
Figure 1 and described above. The culture medium had the following composition:- 

5 



Medium 


Glucose 


30 g/l feed 


Trace metals P. Fe, Ca, Mg, K, 
Mn, Cu, Zn present 


P.K 

Mg 

Ca 

Fe, Mn, Cu, Zn 


600 - 1000 ppm 
100 ppm 
25 ppm 
<5ppm 



The operating conditions for the fermentation were as follows:- 



PH 


6.0 


temperature 


29.5* C 


overpressure 


5 psig 


vessel volume 


250 L 


pump flow rate 


8 rr^/h (estimated) 


pump power draw 


1800 W (estimated) 


agitation rate 


200 rpm 


agitation power 


240 W 


draw 




inert gas 


6.6 NrrP/h - 10% of this was through the bulk 


(nitrogen) purge 


and the remainder through the head space. 


rate (total) 





The fermentation was continued for 12 hours after which time the following fermentation performance 
characteristics were achieved:- 



dry cell weight 


25 g/l 


dilution rate 


0.1 2/h 


productivity 


3g/Vh 


oxygen feed 


0.92 kg/h 


oxygen demand 


0.55 kg/h 


oxygen utilization efficiency 


60% 


carbon conversion efficiency 


62% 


cell yield on carbon source (glucose) 


60% 



In a further experiment using the same fermenter. culture and conditions the following performances 
were achieved when substantially pure oxygen was used and when it was not used. i.e. operating under 
conventional conditions of aeration and agitation:- 





Oxygen 
used 


Oxygen 
not used 


Dry ceil weight (g/l) 
Productivity (g/lh) 
Instantaneous growth rate (h~ 1 ) 


29.4 
4.8 
026 


29.0 
4.3 
022 



From these results it can be seen that the use of the process of the invention can lead to a high 
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productivity fermentation. 



EXAMPLE 2 

A culture of Methylophilus methylotrophus was fermented by continuous culture in the fermenter 
illustrated in Figure 1 and described above. In this experiment the liquid inventory was maximised first 
when running the fermenter in the conventional manner (oxygen requirement suppOed by agitation and 
aeration with the pump loop shut off), and second when using the pumped loop to supply oxygenated 
culture and mixing. The maximum liquid inventory was deemed to be that level at which the fermentation 
could be controlled steadily without the fermenter contents foaming out of the top of the vessel. 

The operating conditions for the first and second cases are set out in the following Table:- 



Table 



Parameter 


Agitation/aeration 
operation alone 


Pumped loop operation 


pH 


6.6 


6.6 


Temperature 


39 # C 


39" C 


Overpressure 


15 psig 


5 psig 


Pump flow rate 




10.5 nWh (estimate) 


Pump power draw 




1 200-1 600W (estimate) 


Agitation rate 


350 rpm 


160 rpm 


Agitator power draw 


1250W 


400W 


Air flow rate 


18 Nm 3 /h 




Na purge rate 




7.6 NnrvVh 


Dilution rate 


0.1/h 


0.1/h 


Max. liquid inventory 


200 litres 


240 litres 


Vessel volume 


250 litres 


250 litres 


% utilisation of vessel volume 


80% 


98% . 



0$ 



Both modes of operations produced similar fermentation performance, viz 



Dry cell weight 


I8g/1 


Carbon conversion efficiency 


50% 


Ceil yield on methanol 


32% 



From these results, it is clear that significant increases in utilisation of available volume, can be 
achieved. In this case, utilisation of available volume was raised by 20%. giving a 20% increase in 
production rate from the original vessel. No detrimental effect on fermentation performance was observed In 
achieving this increase. 



Claims 

1 . A process for the sterile fermentation of a mono-culture with mechanical stirring in a fermenter from 
which waste gas is continuously emitted wherein a portion of the culture continuously passes into a 
compartment outside the fermenter and substantially pure oxygen is Injected into the culture outside the 
fermenter at the throat of a venturi or before the culture passes through a venturi. after injection the culture 
is continuously returned to the fermenter. the amount of culture outside the fermenter at any time being not 
greater than 5% of the total volume of the culture and wherein a volume of air and/or an inert gas greater 
than the volume of oxygen injected Into the culture outside the fermenter, is injected into the culture in the 
fermenter. 

2. A process according to claim 1 wherein substantially pure oxygen is injected into upwardly flowing 
culture outside the fermenter. 
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3. A process according to claim 1 or claim 2 wherein substantially pure oxygen is injected into the 
culture outside the fermenter at the throat of the venturi. 

4. A process according to any one of claims 1 to 3 wherein the culture is a culture of a filamentous 

fungus. 

s 5. A fermenter having In Its main body mechanical stirring means, means for the addition of nutrients, 
means for the removal of product and means for the emission of waste gases wherein the fermenter 
comprises an external compartment provided with means for injecting substantially pure oxygen into culture 
contained therein at the throat of a venturi or before the culture passes through a venturi and connecting 
means are provided to enable a portion of a culture to pass from the main body of the fermenter into the 

10 compartment and thereafter to return to the main body, the volume of the compartment being such that not 
more than 5% of the total volume of a culture in the fermenter can be in the compartment at any time, and 
wherein the fermenter is provided with gas supplying means for injecting air and/or an inert gas at one or 
more locations to a culture in the main body thereof in a greater volume than the oxygen supplied to culture 
in the compartment 

rs 6. A fermenter according to daim 5 wherein the compartment is a pipe loop and the connecting means 
comprises openings in the wail of the main body of the fermenter to which the ends of the pipe loop are 
connected. 

7. A fermenter according to claim 5 or claim 6 wherein the voiume of the compartment is such that the 
proportion of the total volume of the culture in the fermenter which can be in the compartment at any time 
20 is in the range 1% to 2%. 

a A fermenter according to any one of claims 5 to 7 wherein the means for the emission of waste 
gases is a pipe which is sufficiently narrow or which has a section which is sufficiently narrow to cause a 
gas to flow out a velocity sufficient to prevent alien microorganisms from entering the fermenter against the 
flow of gas. 

25 9. A fermenter according to any one of claims 5 to 8 wherein the main body is provided with internal 
partitions to improve circulation therein. 
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